Summary. In rats, the effect of a protein-free diet on the maintenance of gestation was investigated during the early postimplantation stages (Days 7 to 10). The growth kinetics of the implantation site, the concentrations of free amino acids in the implantation sites as well as in the maternal liver and the levels of sex hormones in the maternal serum were determined. The results of these studies showed that in the whole implantation site, the absolute amounts of DNA, RNA and nitrogen were significantly lower in the rats fed a protein-free diet compared to the values for rats fed an optimal protein diet. In rats fed a protei n\x=req-\ free diet, the concentrations of essential amino acids decreased in the whole implantation site to the same extent as in the maternal liver. In the case of the non-essential amino acids, however, a significant increase in the concentrations of some of the amino acids was observed in the maternal liver. With regard to the essential amino acid pool, it appears that the liver and the decidua can be regarded as being in a dynamic equilibrium.
INTRODUCTION
There are many reports in the literature which show that the nutritional state of the pregnant rat is a factor which influences embryonic growth and the differentiation processes (Warkany, 1943 (Warkany, , 1944 (Warkany, , 1945 Richardson & Hagan, 1946; Pike, 1951; Nelson & Evans, 1953; Kalter & Warkany, 1959; Chow & Lee, 1964; Niiyama & Shoji, 1972; Köhler & Merker, 1973) . It was found, for example, that a reduction in the protein of the maternal diet instituted shortly after copulation resulted in embryonic loss, but that the same dietary restrictions applied after the placenta became functional did not hinder the continuation of pregnancy. In most of these rats, the gestation period was prolonged and the average weight and size of the offspring were less than those of rats fed a balanced diet.
These results were unexpected in view of the fact that the absolute amino acid requirements of the growing embryo, relative to its weight, are higher during the second half of gestation, and suggest that a protein-free diet in¬ fluences the early stages of pregnancy indirectly by affecting the function of some controlling or regulating systems. No precise data appear to exist con¬ cerning the availability of amino acids to the growing embryo or to the maternal requirements of pregnant rats maintained on a balanced or protein-restricted diet.
In this study, we have investigated the differences in the amino acid avail¬ ability in the maternal tissues under conditions of normal and protein-free diets between Days 7 and 10 of gestation. In addition, the concentrations of sex hormones in the maternal serum were investigated in control and experimental animals in order to determine the effects of dietary changes.
MATERIALS AND METHODS

Animals
Virgin albino rats (strain Wistar SW 70, Winkelmann Breeding Company, Borchen, West Germany), 70 days old and weighing 170 + 5 g, were used. The animals were kept at 26°C and 60% air humidity in a defined dark/light rhythm (10 hr light) in order to standardize diurnal variations. All animals were maintained under pair-feeding conditions. The daily food intake within a 4-hr period was about 10 g when the stock diet (Altromin C 1000) was used and did not change when the protein-free diet (Altromin C 1030) was given. The protein-free diet was prepared by substituting the protein portion with isocaloric amounts of carbohydrates while all other constituents remained constant. To prevent coprophagy, the protein-free fed rats were kept in wirebottomed cages. When not otherwise stated, the protein-free diet was given from Day 0 of gestation (the day on which the females were mated). To obtain maternal and embryonic tissues of known gestational stages, mating took place within a 2-hr period from 08.00 to 10.00 hours. Food was withheld from all rats for 4 hr before autopsy, which took place between 08.00 and 10.00 hours at 24-hr intervals.
Methods
Concentrations of free amino acids were determined in whole implantation sites and maternal liver tissue. During the early postimplantation stages, the whole implantation site consists predominantly of the decidua. Embryonic cells on Day 8 + 8 hr represent approximately 0-002%, and on Day 10 + 8 hr no more than 0-7% of the whole implantation site (Köhler, Merker, Ehmke & Wojnorowicz, 1972 Greenwood, Hunter & Glover (1963) , Berson, Yalow, Glick & Roth (1964) and Midgley (1966 Midgley ( , 1967 (Table 1) . On Day 10, altered ratios for some of the essential amino acids studied were found, resulting in a large increase in amino acid concentrations in the whole implantation site. The ratios of the non-essential amino acids varied between the two groups studied and within this period of gestation (Table 2) .
When the concentrations of amino acids in the implantation sites were compared, it was found that they were all lower in the rats fed a protein-free diet. An almost identical picture was obtained for the non-essential amino acids, with the exception of serine and glycine (Text-figs 6a and b). Effect of a protein-free diet on sex hormone concentrations in maternal serum The data compiled in Table 3 show that in rats fed a balanced diet, the concentrations of serum progesterone and total oestrogens remained nearly constant except for an increase in progesterone of approximately 20% from Day 6 to Day 10 of gestation. The ratio values given are those of the amino acid concentrations in the implantation sites compared with those in the maternal liver expressed as unity.
When rats were fed a protein-free diet from Day 0 of gestation, a decrease in the progesterone to levels which were approximately 50% lower than in the control group could be measured on Day 8. The values found for the total oestrogens remained unchanged. No difference was recorded in the serum concentration of LH in the rats fed the balanced (7-0+1-0^g/100 ml, fig. 6 . Effect of maternal dietary protein restriction on the concentrations of some free (a) essential, and (b) non-essential amino acids in the whole implantation site in rats. The ratio indicates the quotient of amino acid concentrations (nmol/implantation site) of implantation sites of rats fed a protein-free or a stock diet. The protein-free diet was given from Day 0 to Day 10 of gestation and the animals were killed at 24-hr intervals starting on Day 7 of gestation. For further details, see 'Materials and Methods'. 1 = His¬ tidine; 2 = lysine; 3 = arginine; 4 = leucine; 5 = valine; 6 = phenylalanine; 7 = isoleucine; 8 = methionine; 9 = serine (this amino acid could be separated accurately from threonine only on Days 7 and 10 of gestation) ; 10 = glycine; 11 = glutamic acid; 12 = cystine; 13 = alanine; 14 = aspartic acid; 15 = tyrosine; 16 = proline.
or protein-free (6-9+0-8 /ig/100 ml, jV=8) diet, but a significant decrease (P< 0-001) in the concentration of prolactin was measured in the rats fed the protein-free diet (1-9+0-2^g/100 ml, = 8) compared to that in the rats fed the balanced diet (3-3 + 0-5 /¿g/100 ml, = 8). The ratios given are those of the amino acid concentrations in implantation sites compared with those in maternal liver expressed as unity.
* With the procedure employed, an exact separation of serine and threonine was not achieved in the maternal liver and decidual tissue of rats fed the protein-free diet.
t The amount of cystine was too low in liver tissue to be calculated accurately. (10) 7-6±0-6(10) 8-5+1-0 (10) 8-5± 1-0 (10) 9-2± 1-0 (33) 4-8 ±0-8 (32) 9-2±l-0(6) 4-7 ±0-4 (6) 9-2 ±0-6 (5) 3-8 + 0-4(6) (5) 02 (5) 02 (5) 03 (11) 02 (7) 02 (5) 03 (5) 03 (5) 
